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PHASE I

L

RN

+.11 the data gathered on Mylar C Capacitcrs operated at
125° C. has been analyzed and the results presecnted in
the form of a curve showing the percent cf fajlures to be
expected in a 72-hour period in Mylar Capacitora at

various stresses.

This curve indicates that these Mylar capscivors can be
operated at a stress of 700 volts per mii, =t 1287 C.. and
operated for a minimum of 72 hours without exceeding a 3%

loss in the test group.

The dats gathered at other temperatures i# uow bring analyzed

to provide a similar curve for these temperatures.

o
Indications are that 125 C. may be the tcv lmit, with the
present grade of Mylar, except for exit i ecly shoxrt-tarm

operatione.

Taests to determine this top izt zs 1127 . nda-way,
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ABSTRACT PHASE II

e

: : All the tests during the last quarter on Metallized Mylaz
brve been run to determine the quality of various methods
of making contact to the metal film so as to elimjnsts opons

during life test.

The quality of Metallized Mylar capacitors from tas cint of view
of dielectric strength has been proven, and the stress at which

these capacitors can operate has been determined.

There remains only the problem of solving the laxge amount of

opens occurring in Life Test.

Two methods are showing good results:

. ¢

1. Making a small fold in the edge of the dielectric
: during winding so as to provide a greater area of
I’- metallizing to the contact rather than an edge a
8

few microns in thickness.

2. Increasing the margin by a 32nd cf an inch, and
melting down this margin with a heavy penetrating
spray of metal.

Although the results obtained thus far cxe bt.sed on only three groups

of capacitors, the results are extremely encouraging.
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PURPOSE _

A. Develop rilm Dielectric Capacitors, high-temperature, utilizing

DuPont "Mylar" Film (V-200) or equivalent, as a capacitor di-

- - ——T

electric, in order to achieve higher temperature operation and

i greater reliability of fixed paper capacitors, in accordance with
| Bureau of Ships Contract Specificatior SHIPS F-400, dated

| 15 September 1951, as foliows:

il' B. Phase 1.

E 1, Evaluate a V-200 film or equivalert in accordance with para-

graph 3.2.1 of referenced Bureau of Ships Contract Specifica-

tion SHIPS F-498,

Furnish {ifty (50) each of various capacitors as described in
paragraph 3.2.1 of referenced Bureau of Ships Contract
Specification. SHIPS F..498.

3. Submit reports as specified therein,

C. Phase II

1. Evaluate a V-200 film or equivalent with metallized electrodes
in accordance with paragraph 3.2.2 of refererced Bureau of

Ships Contract Specification SHIPS F-439,

Furnish fifty (50) each of various capacitors as described in

paragraph 3,2.1 of referenced Bureau of Ships Contract

Specification SHIPS F-.499,
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PURPOSE (continued;

Al . e S S AR S GEREAL SAARIAD LS i

3. Turnish one (1) set of Type D, Class IV Manufacturing

R 2o oo 4

Drawings in accordance with Bureau of Shipe Specifi.

cation 16D19 (RE), dated & January 1946, and Amendment

MNo. 2 dated 1 May 1948,

| 4. Submit reports as specified herein.
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GENERAL FACTUAL DATA

PHASE 1

- e

e~

It waes discovered during Life Teste that Myvlar Capacitors teztad at
1250 C. draw more current than was normally anticipated, To further
investigate this phenomenon a series of tests were performed ueing

1 M.fd; capacitors constructed with two , 0005" films of Mylar C

between foils,

One test was performed with individual units and another with several

units in parallel,

7 The results in both cases were uniform enough to be incorporated into

Curve #C-1017 shown in Part III P. 10-A.

f”' The tests in all instances were performed in the following manner:
The units were placed iz an oven at 125° C. 2nd allowed sufficient
] time to stabilize to that temperature, With leads passcd through the
oven wall to external instruments, the voltage siress was increased
in100 V,D,C, increments to a maximum of 1200 V. D.C, It was
found that beyond that stress point, units of such construction break
down too rapidly to assure reliable resulte. At each f'xpplied astress

voltage, the current was measured in micro amperes. These values

were subsequently converted to megohms, and plotted ag Insulation

o
Resistance vs, Voltage Stress at 125 C,

S~E-C-U-R-1-T-Y I-N<-F-O-F M-A-T-1-O-N R-E-S-T-Fe -C-T-E-D
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GENERAL FACTUAL DATA (continued) PHASE 1

An analysis of this curve makes it very obvious that Mylar C at

125° C. possezrea undesirable characteristics.

At 100 V, D, C,. which is the approximate potential applied for
ingulation resistance measurements, the result is only 22 megohms
per microfarad, and the curve slopes steeply so at 1200 V, D, C, the

result i a mere 1. 5 Megohms per microfarad.

This sharp decline is surprising since paper changes insignificantly

with voltage stress

At any rate, these results do not coincide with the early history of
the material, Our first curves showed 400 megohms per microfarad
at a potential of 90 V. D, C, 1t might be that Mylar deteriorates when
stored for any length of time, or it may be thaﬁ one lot of material
varieg that much from another. In either case, it is an undesirable

characteristic.

Characteristic ""K", taken from the MIL-C-25A Specification, allows

a minimum insulation resistance value of 10 megohms per microfarad
o

at 125 C. Judged on this performance, Mylar C hardly exceeds

paper as a diclectric at elevated temperatures,

S-E-C-U-R-I-T-Y I-N-F-O-R-M-A -T-1.0-N R-ES-T-R-1.C-T~E-D
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GENERAL FACTUAL DATA PHASE 1I

Y

As mentioned previously, the excessive number of opens that occur
during Life Test has been the greatest difficulty encountered with

Metallized Mylar.

The bond between the pigtail or terminal connection to the Metallized
film on the Mylar has in most cases ruptured during the Life Test.
Basing our research on the theory that the heat evolved during the
end spray of copper and solder is sufficient to fuse away a fraction
of the protective Mylar margin, we have increased this margin from

1/16* to 3/32",

P The units referred to in this report were all wound with material having

a 3/32" margin,

As a second remedy to this situation, an installation was made on the
winding machine whereby a 1/64th of the outer edge of the Mylar was

rolled over just previous to being wound.

IR R

The capacitors made in tkis manner have not as yet been exposed to

Life Tests and cannot be reported on at this time.
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D-E T-A~1-L FAC-T-U-A-L DAT-A PHASE 1

e i

Work continued, as scheduled, with the 1 Mfd. Capacitor constructed

with two layers of . 0005" Mylar C film between foils,

The test temperature was 125° ¢ ., and the applied Life Test voltages
ranged between 600 V., D, C., and 1000 V., D,C, The units were wound
with Mylar taken from the same lots as those previously tested and
the gauge of the material varied gsimilarly between . 00048" and

.0006"", The winding specification and techniques were the same

as those used previously for this type unit.

A. Seventy-five units were divided irto three groupe of

¢ twenty-five each:

E

1. Tested at 600 V., D,C., two units failed voltage
test prior to Life Test. Both were mechanical
failures, The remaining twenty-three units were
placed on Life Test, and twenty-one completed
72 hours. Both failures were caused by Mylar
faults, (See Part lI, P. 1.)

2. Tested at 800 V., D, C,, three units failed voltage

tests prior to Life Test. All three were

mechanical failures. The remaining twenty-two
units were placed on Life Test and thirteen
completed 75 hours. There were eight Mylar

failures and one mechanical. (See Part 1II, P. 2)

§E-C-U-R-1-T-Y IN-F O-R-M-A-T-]-O-N R E-S-T-R-1.C-% ED
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DETAIL FACTUAL DATA Phase I (continued)

3. Tested at 1000 V,D,C,, two units failed voltage

test prior to Life Test. One was a Mylar failure,
the other a mechanical. The remaining twenty-
three units were placed on Life Test, and eight

completed 72 hours.

There were fourteen Mylar failures and one
mechanical, (See Part II, P, 3.)

B. Seventy-five units were divided into three groups of

twenty-five each:

1, Tested at 600 V, D, C., one unit failed voltage
rJ,

test prior to Life Test. It was a mechanical

failure,

T

The remaining twenty-four units were placed on
F
' Life Teat and twenty-one completed 72 hours.

There were two Mylar failures and one mechanical.
(See Part III, P, 4.)

Tested at 800 V,D,C,, two units failed voltage test

prior to Life Test. Both were mechanical failures.

The remaining twenty-three were placed on Life

Test, and seventeen completed 72 hours. There

were four Mylar failures and two mechanical,

(See Part II1, P, 5.)

“n
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] DETAIL FACTUAL .DATA PHASE I (coatinued)

3, Tested at 1000 V, D, C., three units failed voltage
test prior rto Life Test. Two were mechanical -~
failures and one a Mylar failure. The remain-
ing twenty-two unite were placed on Life Test,
and eleven completed 80 hours. There were ten
Mylar failures and one mechanical.(See Part I1I,
p. 6.)

C. Seventy-five units were divided into three groups of
twenty-five each.

1. Tested at 700 V, D, C., all units pasged the tests

¢ prior to Life Test, and twenty-two completed
88 hours. There were two Mylar failures and one

; mechanical, (See Part III, P. 7.)
t 2. Tested at 800 V, D, C,, all unite passed the tests
i prior to Life Teat. All twenty-five units were
placed on Life Test and thirteean completed
74 hours, All twelve failures were caused by
Mylar faults. (See Part IiI, P. 8.)

3. Tested at 900 V, D,C., all unite passed the tests

. prior to Life Test. All twenty-five units were
placed on Life Test and seven completed 76 hours.
All eighteen failures were caused by Mylar faults,

(See Part III, P. 9.)
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{ DETAIL FACTUAL DATA PHASE II

The tests were performed at 125° C. using the .25 Mfd, capacitors,
constructed with a single layer of .0005" Metallized Mylar C as the

dielectric. The margins, however, were increased from 1/16" to
3/32n,

A, Seventy-five unite were divided into three groups of
twenty-five each:
1. Tested at 300 V., D, C, all units passed the tests
prior to Life Test, All twenty-five units were
phc’ed on Life Test and twenty-five completed

260 hours. (See Part III, PP. 12, 13, 14.)

2. Tested at 400 V,D,C., all units passed the tests
prior to Life Test, All twenty-five units were
placed on Life Test and twenty-five completed

260 hours. (See Part III, pp. 15, 16, 17.)

Sl RPN TR

3. Tested at 500 V, D,C, one unit opened during the
initial voltage test. The remaining twenty-four
units were placed on Life Test and twenty-four

completed 257 houws. (See Part III, pp. 18, 19, 20.)
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CONCLUSIONS PHASE T

By compiling the results of all the Life Tests conducted at
125° C. (See Part 1II, P. 10) with the 1 Mfd. Capacitor,
constructed with two layers of .0005'"" Mylar C between foils,

it was possible to plot the curve below:

BMYLAR FAILURERS
o
O

o405 300 G0 96 §do Fdo 7358 100 1280 13060 Fvo
STRESS NV VOLTS O.C. PEF M/L. @125° .

a) The Curve is derived from plotting the average number of

failures in 72 hours of each test voltage group.

A correction was made from the test data to derive the voltage
necessary to cause 101% failures in 72 hours. If the test data

were plotted directly, that point would be 1500 VDC, but since

100% failures occurred at that voltage in only 41 hours test

time, by calculation, it was found that 1360 VDC should be used.

S-E-C-U-R-1-T-Y INF-O-R-M-A-T- |-O-N R-E-S -T-R-1-C-T- E-D
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CONCLUSIONS (continued) PHASE 1
", 3 o ang It is our conclusion that a 1 Mfd. capacitor constructed

with two layers of .0005'" Mylay C between foils will
operate for a minimum of 72 hours at & stress of

' o
700 VDC, and at a temperature of 125 C. without ex-

ceeding 2 loss of 30% of the test group.

o

S E-C U-Rel-T-Y I-N-F- O-R-M-A-T- I-O-N R-E-S-F R-1C-T-E-D
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CONCLUSIONS PHASE 1I

With only the results of three groups of test units as a basis,
we cannot conclude that the matter of 'opens'' among Metallized
Mylar C units has been solved, but the indications are very en-

couraging.

Of seventy-five units tested, only one "open'" occurred, and

that happened before Life Test,

Very rarely, in our previous Life Tests, even at the lower test
temperature ot; 85° C, have any units completed Life Test with-
out any ".open.ei. "

. These results were gained with test units wound with the margins
increa;ed from 1/16" to 3/32", Further tests with similar material

] will settle this issue.

8-E-C-U-R~1-T-Y IN=-F-OR-M-A -T-1-0-N R-E~S-F R-1C-F E-D

.-.:lq_ip-. e




e o s

O

PART

i1

PROGRAM FOR NEXT INTERVAL

Page

S

e s T

p i X
S .} ;
1R s &

-



j L O —— e e ———— s
-

fage li-A

R-E-S-T-R-1-C-T-E-D

PROGRAM FOR NEXT INTERVAL

PHASE 1

Sufficient test data has been compiled with the : Mid. Capacitor

constructed with two layers of .0005" Mylar C between foils
at 125° C.

The program for the next quarter will center on urits of

similar construction, but the test temperature will be raised

to 150° C.

Basing our prognosis on the evidence we have found to date,
mainly the poor Insulation Resistance of Mylar Capacitors
at elevated temperatures, we believe that very few tests will
be needed to show conclusively that Mylar C, as we have it

o]
I on hand, will not serve effectively as a dielectric 2t 15C C.

-

S-EL-UR-1-T-Y IN-F-O R~-M-~-A -T-1-0N R-E-5.T-R-1-C T -E-D
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R-E S-T-R4-C-T-E-D

PROGRAM FOR NEXT INTERVAL

PHASE 11

It is our intent to continue the work with Metallized
Mylar C Capacitors, with both increased margins and
rolled over edges until it is determined which methud
vields fewer "opens'. If neither of these methods
improves the condition, other means will be tried until

a satisfactory solution is reached.

It is meaningless to continue testing units which fall
mechanically before the stress point of the Mylar C

i{s reached.

S-E-C-U-R -T-Y IN-F O-R-M-AT-1-0-N R-E-S.T-R-I-C-T- E-D
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Page 13.

NObsr M#44 Twenty-five .25 Mfd.
Single .5 Mii Metallized
Mylar C Units

The units (25) were wired to a Life Test rack after the initial
tests were concluded, and the total capacitance measured at
room temperature., Following this, they were heated in an

oven to 1250 C. for one-half hour. The capacitance was then

measured at 125o G.

Next, the units were exposed to 300 V,D,C. pre-breakdown
test for one-half hour., During this period, there were ten
temporary breakdowrns. The capacitance was again measured

before the Life Test commenced.,

Temporary Total
Breakdowns Capacitance Elapsed Time
0 6.4 Mfd. Start of Test
7 6.4 " 24 hours
13 H.4 M 45 L
13 6.4 " 68 "
13 6.4 93 s
13 6.1 " 116 &
13 6.1 ¢ 183 i
14 6.1 ¢ 212 L
14 5.9 241 E
14 5.9 " 260 it 1

Test Completed




Page 14,

NObsr M#44 (Continued)

Number of units started on test R R EER RPN 25
Number finished ....... O Ol D B0 0510 GO DO O 4]
Total Capacitance before Life Test at room temperature .....5,75 Mfd.

1" " " " 1" te 1250

Ci ssesassoas 568 o
Number of permanent failures ....v¢ veveocecesceese O
Number of temporary failures .......cvvevecec0-00 14

Number of opens at the end of thetest . ....ccc. ..,. O
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Page 16

NObsr M#45 Twenty-five ,25 M{d,
Single .5 Mil Metallized
Mylar C Units

The units (25) were wired to a Life Test rack after the initial tests
were concluded, and the total capacitance measured at room temper -

ature, Following this, they were heated in an oven to 125o C. for

one-half hour, The capacitance was then measured at 1250 C.

Next, the units were exposed to 400 V,D,C, pre-brcakdown test for
one-half hour. During this period, there were no breakdowns. The

capacitance was again measured before the Life Test commenced.

Temporary Total
Breakdowns _CE.EPES_“E'EES. Elatffd Time
0 6.7 Mfd. Start of Test
5 6.3 24 hours
179 6.2 " 45
186 62 68 "
186 6.2 " 93
186 6.2 " 116 ¢
186 6.6 " 188
186 6.6 " 212 v
186 6.4 " 241 "
186 6.4 ' 260

Test Completed
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Page 17

NObsr Mff45 continued)

Number of units startedontest ,.......c00:00. 25

Number finished .......ccccccvevvvecvcocs.o &5

Total capacitance before Life Tesi. at room temperature..,.5. 80 Mfd.
L " " wooowow 28% ©L LooL... 6,70 Mid.
after pre-breakdowntest ............... 6.70 Mfd.
i . L Life Test .c..o0cca0cvesaccacs 6. 40 M{d.
Number of permanent failures .......,..:0 0

Number of temporary failures ............. 186

Number of opens at the end of the test...... 0
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Poge 19,

NObsr M#46 Tweniv-five .25 Mfd,
Single . 5 Mil
Metallized Mylar C
Units

The units (24) were wired to a Life Test rack after the initial
tests were concluded, and the total capacitance measured at
room temperature. Following this, they were heated in an
oven to 125° C. for one-half hour. The capacitance wae then

o
measured at 125 C,

Next, the units were exposed to 500 V. D, C, pre-breakdown test
for one-half hour. During this period, there were 39 temporary
breakdowns. The capacitance was again measured before the

Life Test commenced.

Temporary Total Elapaed
Breakdowns Capacitors. _Time
0 6.4 Mifd. Start of Test
58 63 24 hours
166 6.15 ¢ 42 “
166 6.15 " 65 s
166 6.15 " 90 m
166 6.15 v ms
167 6.20 v 185
171 6.20 n 209 i
171 6.15 » 238 o
171 6.15 " 257 8

Test ccrnpleted




Page 200

NObsr $#46 (continued)

Number of units started on test

®e 0000 o0

* 0 ¢ o P 24
Number {finished ........

s 0ce as 00

0 0 0 C 00 80 24
Total capacitance before Life Test at rcom temperature .... 5,55 Mfd,

" 1" " " " 1"

5" Cy conioann
" '*  after pre-breakdowntest .,..........
"

Life Test

veos3e e

6.40 Mfd.
" n

~ s e

. 6,40 M1d.
e 0 ¢ 2 ¢ 0 2B OO @ 0 000 C 6-15 Mfd'
Number of permanent failures ..

F ey 500 a0

00 v 0
Number of temporary failures

D P 2 00 00 Ve O e 00 171
Number of opens at the end of the test . .. .......

0
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YOUR PURPOSE so that it may be made available to other requesters. Your cooperation
will be appreciated.
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o NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA

Ei ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE i
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE 31
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY !
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

Reproduced by |

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, OHIO
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